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(57) There is provided a system of steering stimulus 
pulses to one or more selected cardiac sites, for im- 
proved capture and for easy adjustment of the stimulus 
pulse when threshold level has changed, without the 
need to simply increase stimulus power or to replace an 
implanted lead. The invention utilizes, in a cardiac en- 
vironment, the technique of delivering substantially con- 
current pulses across two or more electrode pairs, each 
component pulse being adjusted as to pulse, duration 
and/or phase to steer, or direct the resultant composite 



pulse toward the target cardiac site. Embodiments of the 
invention include steering pulses for pacing of the left 
atrium; steering pulses for multichamber pacing: im- 
proved use of a single lead system with electrodes float- 
ing in the atrium, with specific steering of atrial pulses 
to provide an enhancement of a VDD system; steered 
delivery of atrial and/or ventricular defibrillation stimuli; 
and steered stimuli for arrhythmia prevention. In other 
specific embodiments, the steered pulse system is com- 
bined with capture detection and automatic adjustment 
of the steering parameters. 
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Description 

The present invention relates to the field of cardiac 
stimulation systems and methods of stimulation, and 
more particularly to cardiac pacing and def ibrillating sys- 
tems having the capability to steer pacing or defibrilla- 
tion pulses from a given electrode arrangement to dif- 
ferent cardiac target sites to obtain enhanced efficiency 
and flexibility. 

It has long been understood that efficient and relia- 
ble delivery of pacing and defibrillation pulses to a de- 
sired site is of great importance. Thus, even with the sig- 
nificant improvements that have been made in areas 
such as high efficiency batteries, low power consump- 
tion chip circuitry and programmability for optimizing 
pacing threshold, there remains a need to improve the 
delivery of the generated pulses to the cardiac tissue. If 
energy from a lead to a cardiac site is delivered ineffi- 
ciently, the result is a greater effective threshold for cap- 
ture, increased power drain and consequent decrease 
in pacemaker lifetime. Where failure to capture occurs, 
a desired pacing function is simply not performed. Back- 
up circuitry and software can be implemented to detect 
loss of capture and to respond by delivering pacing puls- 
es of greater energy. This approach, however, does not 
overcome the chronic performance problems so result- 
ing, including the need to reprogram the pacemaker and 
accompanying patient discomfort and annoyance. 

In conventional pacemaker implants, and especial- 
ly in single chamber pacemaker implants, a suitable 
chronic threshold may be obtained by carefully anchor- 
ing the distal tip of the lead with respect to the patient's 
heart wall by using a lined lead or other fixation means, 
and then reprogramming the pacemaker soon thereaf- 
ter to obtain a satisfactory chronic threshold. In such 
cases where only one site is being stimulated, and the 
portion of the lead carrying the electrode (or electrodes) 
can be anchored close to the site, the problem is mini- 
mal. In a dual chamber pacemaker system a second 
lead may be introduced into the atrium and also an- 
chored. However, this complicates and lengthens the 
implant procedure and results in two thresholds having 
to be programmed. One answer to this problem was pro- 
vided by the VDD pacemaker system with a single lead, 
the lead having a conventional electrode arrangement 
(either unipolar or bipolar) at its distal end, and a pair of 
■floating" electrodes positioned in the atrium. The float- 
ing atrial electrodes are not fixed to the atrial wall and 
consequently cannot provide the performance equiva- 
lent to fixed electrodes. As a result, such floating elec- 
trodes typically sense atrial signals but cannot deliver 
effective pacing pulses. Although some attempts have 
been made to design floating electrodes and pacing 
pulse waveforms to achieve atrial pacing, and thus pro- 
vide a DDD system with a single lead, those attempts 
have not been very successful due to the separation of 
the electrodes from the intended atrial pacing site. In 
short, whenever electrodes are not well anchored at the 



pacing site the problems of achieving and maintaining 
an efficient pacing threshold are magnified. 

The advent of certain newer types of pacing sys- 
tems has further magnified the problem of achieving ef- 
s ficient pacing where the pacing electrode or electrodes 
cannot be affixed directly to the desired pacing site. One 
such system is multisite or biatrial pacing, where sens- 
ing or stimulation of the right and left atria improves the 
cardiac output of patients with inappropriate intra-atiial 
10 delays. This concept is described in U.S. Pat. No. 
5,414,161. As disclosed in the 161 patent, right atrial 
sensing and pacing is accomplished using commonly 
available endocardial active fixation leads implanted in 
accordance with conventional right-sided DDD pacing 
practice. Left atrial sensing and pacing, however, is typ- 
ically accomplished by placing either a lined endocardial 
lead or a lead like the Medtronic Model No. 2188 lead 
(substantially as described in U.S. Patent Application 
No. 08/639,458, filed April 29, 1996) in proximity to the 
left atrium via the coronary sinus. It is commonly known 
that coronary sinus leads are difficult to place. That is, 
it is often difficult to determine an initial location in the 
coronary sinus where an adequate threshold may be ob- 
tained. Difficulties at implant resulted in lengthened im- 
plant procedures, patient discomfort, increased costs 
and higher thresholds, ail of which reduce the longevity 
of the implanted device. Additionally, it is well known that 
coronary sinus electrodes often move or shift after im- 
plantation, resulting in chronic threshold "shift". This of- 
ten results in loss of capture and requires the patient's 
pacemaker to be reprogrammed to higher pulse ampli- 
tudes or widths. This also results in a reduction in the 
longevity of the implanted pacemaker. Reprogramming 
the device often results in an inability to capture or the 
provision of an adequate safety margin. The physician 
must then reposition the lead during an additional sur- 
gical procedure, thereby increasing costs and risks of 
infection. 

Another relatively unused but potentially advanta- 
geous pacing system is that of DDD pacing with only a 
single lead, where pacing and sensing are accom- 
plished in both atrial and ventricular chambers with one 
lead carrying one or more electrodes. U.S. Patent No. 
5,265,601 describes such a system for pacing the atri- 
um and the ventricle from a single electrode positioned 
in the coronary sinus or deep cardiac vein. In such a 
system the stimulus amplitude is varied so that the atrial 
pacing pulse has a relatively low amplitude and the ven- 
tricular pacing pulse has a relatively high amplitude. The 
respective pulses are timed in accordance with the 
pacemaker's tracking of the cardiac cycle. While the 
foregoing concept provides acceptable results under 
some conditions, premature atrial contractions (PACs), 
premature ventricular contractions (PVCs), 2:1 block, 
oversensing of far-field R waves and the like can cause 
such systems to become confused, resulting in disrupt- 
ed timing and loss of function. Additionally, the signal 
output in such a system is omnidirectional in respect of 
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the electrode configuration. This results in threshold var- 
iation and tow capture efficiency. Furthermore, due to 
the omnidirectional nature of the signal, either the V or 
A pacing pulse may cause unintended stimulation of the 
opposing chamber if it is stimulated outside the refrac- s 
tory period. Finally, such a system limits the maximum 
AV delay to a value less than the refractory period of the 
atrial myocardial tissue, because otherwise the V pace 
pulse would stimulate the atrium. 

The above examples are not exhaustive of exam- 10 
pies where a need exists to deliver stimulus pulse to de- 
sired cardiac locations in a better way. As discussed in 
more detail below, the ability to deliver stimulus pulses 
to desired locations with improved site resolution is de- 
sired in defibrillation systems, and in treating cardiac ar- is 
rhythmias such as atrial tachycardia. What is needed is 
a system that provides the maximum flexibility and con- 
trol without employing multiple leads having anchored 
electrodes at each specific site of interest. 

An approach that has been taken in the area of spi- 20 
nal cord stimulation is disclosed in U.S. Patent No. 
5,501 ,703. The 703 patent discloses a multichannel ap- 
paratus for epidural spinal cord stimulation. The inven- 
tion is based on the observation that a stimulation in- 
duced paresthesia pattern may be focused and 2s 
changed by using multiple electrodes and changing the 
parameters of the delivered stimulus pulses. The super- 
position of potential electric fields generated by simul- 
taneous stimulation provided by multiple pulse genera- 
tors and corresponding electrodes is described as re- 30 
suiting in a significant change in the size and shape of 
the stimulated spinal cord area. A lead is described as 
being implanted a few millimeters from the spinal cord 
with an electrode array disposed in the epidural space. 
Parametric changes of the delivered stimulus pulses 35 
provide some control over which nerve fibers adjacent 
to the electrode array are excited, and which are not. 
While this technique has been found successful in this 
limited area of spinal cord stimulation, no similar appli- 
cation has been developed for pacing or cardiac stimu- *o 
lation. 

What is desired for cardiac applications is a system 
to effectively "steer" cardiac stimulus pulses so that they 
efficiently capture or defibrillate a selected heart cham- 
ber, or otherwise control a cardiac arrhythmia. Such a 4S 
system must take into account the fact that in cardiac 
applications the chambers are separate and are not sim- 
ilar to nerves aligned along a single spinal cord. Rather, 
cardiac muscle tissue in one or more separate cham- 
bers must be stimulated without having an array of elec- so 
trodes positioned substantially adjacent to the various 
stimulus target locations. 

According to one aspect of the present invention, 
there is provided a pacing system for pacing in at least 
a patient's left atrium, comprising: ss 

a multiple electrode lead for pacing in the patients 
left atrium, said lead having a distal end and at least 



two active electrodes and one common electrode 
positioned near said distal end, said electrodes be- 
ing spaced from each other with a predetermined 
geometry, said lead having a proximal end for con- 
necting to a pulse generator, and respective con- 
ductors connecting the respective electrodes to 
said proximal end, 

pulse generator means for generating at least two 
pulse outputs and delivering a first of said outputs 
between a first of said active electrodes and said 
common electrode, and for delivering a second of 
said outputs between the second of said active 
electrodes and said common electrode, said pulse 
outputs having magnitude, polarity and phase pa- 
rameters, 

control means for controlling each of said pulse out- 
puts with respect to at least one of said pulse pa- 
rameters, and 

steering means for selecting said at least one pulse 
parameter for each pulse output so as to generate 
pulses for steering the delivery of composite steer- 
ing pulses to an effective site when said lead distal 
end is positioned in the patient's left atrium. 

According to another aspect, there is provided a 
pacing system for dual chamber pacing of a patient, 
comprising: 

pulse generator means for generating pacing puls- 
es for delivery to the patient's heart, having first 
pulse means for generating first pacing pulses, said 
first pulses having controllable respective first mag- 
nitude, polarity and phase values, and second pulse 
means for generating second pacing pulses sub- 
stantially concurrently with said first pulses, said 
second pulses having controllable respective sec- 
ond magnitude, polarity and phase values; 
a pacing lead connected to said pulse generator 
means to receive said first and second pulses, said 
lead having a distal end portion adapted for posi- 
tioning proximate to or in the patient's heart, said 
distal end portion having first and second active 
electrodes and a common electrode, and connect- 
ing means for connecting said first pacing pulses 
between said first electrode and said common elec- 
trode and for connecting said second pacing pulses 
between said second electrode and said common 
electrode; and 

control means for controlling said pulse generator 
means to generate respective steered ventricular 
and atrial pacing pulses, each of which steered 
pulses is a combination of a said first and a said 
second pulse, and 

steering means for controlling said first and second 
pulse means so as to select a first set of values of 
magnitude, polarity and phase for each of said first 
and second pulses when said pulse generator gen- 
erates a ventricular pacing pulse, and a second set 
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of values of magnitude, polarity and phase for each 
of said first and second pulses when said pulse gen- 
erator generates an atrial pacing pulse. 

According to another aspect, there is provided a 
pacing system for dual chamber pacing of a patient com- 
prising: 

pulse generator means for generating pacing puls- 
es for delivery to the patient's heart, having first 
pulse means for generating first pacing pulses, said 
first pulses having controllable respective first mag- 
nitude, polarity and phase values, and second pulse 
means for generating second pacing pulses sub- 
stantially concurrently with said first pulses, said 
second pulses having controllable respective sec- 
ond magnitude, polarity and phase values; 
a single pass pacing lead, said lead having a distal 
portion for positioning in a patient's right ventricle 
and an intermediate portion positioned for floating 
in the patient's right atrium, said intermediate por- 
tion having first and second active electrodes and 
a common electrode, and at least one pacing elec- 
trode positioned substantially at the distal end of 
said lead, a proximal end for connecting to said 
pulse generator means, and connecting means for 
connecting said first pulse signals to said first elec- 
trode and said common electrode and said second 
pulse signals to said second electrode and said 
common electrode; and 

steering means for controlling said first pulse 
means with a selected first set of values of magni- 
tude, polarity, and phase and for controlling said 
second pulse means with a selected second set of 
values of magnitude, polarity and phase, thereby 
delivering a steered atrial composite pacing pulse 
to said patient's right atrium. 

According to another aspect, there is provided a 
pacing system for generating and delivering steered 
composite pace pulses to at least a plurality of sites in 
a patient's heart, comprising: 

generator means, comprising a plurality of genera- 
tors for delivering respective stimulus pulse compo- 
nents, each of said generators being controllable 
with respect to at least the amplitude and polarity of 
its pulse component; 

electrode means for providing a plurality of elec- 
trodes at different respective cardiac positions in 
the patient's heart, said electrode means providing 
at least three electrodes constituting two active 
electrodes and one common electrode at each re- 
spective cardiac position; 

a plurality of sense amplifiers for sensing natural 
heart beat signals from selected ones of said patient 
positions; 

switch matrix means for connecting selected ones 



of said generator outputs to respective selected 
ones of said electrodes, and selected ones of said 
electrodes to selected ones of said sense amplifi- 
ers, said matrix connecting composite stimulus 

s pulses consisting of plural pulse components to se- 
lected ones of said positions; and 
pulse parameter and timing control means for con- 
trolling the connections made by said switch matrix 
means, whereby selected cardiac sites receive 

10 steered composite stimulus pulses and said com- 
posite stimulus pulses are timed as a function of 
sensed patient natural heartbeat signals. 

According to another aspect, there is provided a 
is pacing system comprising: 

generator means for generating a composite pulse 
having at least two pulse components; 
lead means for delivering said two pulse compo- 
20 nents at an area in or proximate to the patient's 
heart; and 

control means for controlling at least one parameter 
of each of said pulse components for steering said 
composite pulse to said selected site. 

25 

The present invention provides system embodi- 
ments for pacing or otherwise stimulating one or more 
cardiac sites from a proximately positioned set of elec- 
trodes, where the individual pulse parameters of a plu- 
30 rality of pulse components are controlled in such a man- 
ner that the outputs are combined into composite stim- 
ulus pulses. The present invention permits efficient 
steering of each such composite pulse to a selected site 
and adjustment of steering parameters to adapt to 
35 threshold changes. By varying the field of stimulation 
over a range of cardiac areas, the present invention al- 
lows a quicker implant procedure because the lead may 
be positioned in a general area such as the left atrium 
or the coronary sinus. Later an optimum threshold for 
40 stimulating in one or more areas may be selected and 
programmed through setting the various pulse parame- 
ters corresponding to each pacing or defibrillation pulse 
component of each composite stimulus pulse. 

In a general system configuration the present inven- 
ts tion provides for at least one lead having three or more 
electrodes disposed thereon. During implantation the 
electrodes are positioned in a selected area within or 
proximate to the heart, and the composite stimulus puls- 
es are targeted or steered to one or more selected car- 
so diac sites. In a simple arrangement of the present inven- 
tion, three electrodes are employed: two active elec- 
trodes and one common electrode (or "ground") deliver 
two pulses, the two pulses being components of a com- 
posite pulse programmed to generate an electric stim- 
55 ulation steered toward a selected site. The pulse com- 
ponents are programmed in respect of output pulse pa- 
rameters that include magnitude (either amplitude or du- 
ration), polarity, and phase (timing). Each pulse is deliv- 
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ered between one of the active electrodes and the com- 
mon electrode. In a more complex arrangement, the 
lead has a number of electrodes (n) greater than three, 
the electrodes being controllably connected through a 
switch matrix to be either active or common. This ar- 
rangement provides steering control through both pulse 
parameter control and electrode selection. The control 
may also incorporate switching delivery of stimulus puls- 
es and sensing to either a bipolar or unipolar arrange- 
ment for further optimization of pulse capture and accu- 
rate sensing. In a further embodiment, spaced apart 
electrodes compare the relative timing of sensed signals 
and verify the origin of the sensed signal as being either 
in the ventricle or in the atrium. 

In a first specific embodiment of the present inven- 
tion, a system of left atrial pacing are provided, where a 
lead having an array of two active electrodes and one 
common electrode is positioned in proximity to the left 
atrium in the coronary sinus. Composite pacing pulses 
are generated by producing two pulses from two sepa- 
rate generators, where each pulse is controlled at least 
in respect of amplitude and is delivered between an ac- 
tive electrode and a common electrode. Pulse parame- 
ters are preferably controlled to steer the area of tissue 
stimulation so that it sweeps from right, to centre and to 
the left. Once output pulse parameters are optimized by 
standard threshold determination techniques, the val- 
ues are stored in memory locations in the pacemaker. 
Optimizing output pulse stimulus parameters such as in- 
dependently programmed pulse amplitude, pulse width, 
and degree of overlap (or phase) between pulses per- 
mits recapture and threshold optimization in the event 
of lead dislodgment. Thus, an additional surgical proce- 
dure for repositioning a migrated or dislodged lead be- 
comes unnecessary. 

A second embodiment of the present invention pro- 
vides for DDD pacing from a single lead, the lead having 
at least two active electrodes and at least one common 
electrode positioned in the coronary sinus or deep car- 
diac vein. A different two pulse component composite 
stimulus is generated for each of the ventricular and atri- 
al pulses, respectively. For the ventricular stimulus, a 
larger composite amplitude is employed and pulse is 
steered toward the ventricle by appropriate adjustment 
of the parameters of the pulse components delivered 
across each active electrode with respect to the com- 
mon electrode. For the atrial stimulus, a smaller com- 
posite amplitude is employed and pulse parameters are 
varied to steer the resulting field toward the atrium. Puls- 
es may be timed in accordance with the cardiac cycle, 
taking into account sensed signals from each chamber. 
The lead preferably has one or more additional sensing 
electrodes to enable discrimination of the direction from 
which heart signals emanate such that any ambiguities 
in respect of unusual signals such as PACs and PVCs 
may be resolved. In this embodiment of the present in- 
vention and others, the automatic threshold determina- 
tion feature is preferably protected so that threshold var- 



iations may be used to automatically adjust pulse steer- 
ing parameters for optimum performance. 

In yet another embodiment of the present invention 
a single pass lead is used for DDD made pacing, where 

5 the lead has one or two electrodes for pacing and sens- 
ing in the ventricle, and an array of floating electrodes 
positioned in the atrium for pacing and sensing in the 
atrium. The atrial array preferably has three electrodes: 
two active electrodes and one common or indifferent 

io electrode. Different pulses are delivered across each 
active/common pair, either simultaneously or with very 
little phase difference. Pulse parameters are adjusted 
as required to permit optimal steering of pacing pulses 
for enhanced stimulation. 

is in addition to the above embodiments of the present 
invention the system of the present invention may be 
utilized in other embodiments directed to atrial defibril- 
lation, atrial arrhythmia prevention, ventricular defibril- 
lation, and site specific anti -tachycardia therapy The 

20 system of the present invention may also employ spe- 
cific lead and pulse output subsystems. 

Preferred embodiments will now be described by 
way of example only, with reference to the accompany- 
ing drawings. 

25 

Figures 1a to 1d illustrates a patient's heart and 
show alternative embodiments of the lead em- 
ployed in the system of the present invention for 
steering stimulus pulses to different cardiac sites; 
30 Figure 2 shows a block diagram of the primary sys- 
tem components of the present invention for steer- 
ing pulses from electrodes positioned within or 
proximate to the patient's heart to one or more car- 
diac sites; 

35 Figure 3A shows a block diagram of a pacing sys- 
tem of the present invention that provides stimulus 
pulses steered to a patient's left atrium and other 
cardiac sites as part of a multi-chamber pacing sys- 
tem; 

40 Figure 3B shows a block diagram of the present in- 
vention, where details of the output generator por- 
tion of the system of Figure 3A are shown; 
Figure 3C shows a timing diagram that illustrates 
variations in the pulse amplitude of the components 

45 of the composite stimulus pulse of the system of 
Figure 3A, where the variations causes teering of 
the composite-pulse to different atrial locations; 
Figure 4A shows a distal end portion of a lead of the 
present invention positioned proximate the heart, 

50 where the lead has plural electrodes for delivery of 
respective pacing pulses steered to different cardi- 
ac sites; 

Figure 4B shows a timing diagram illustrating the 
delivery of one composite steered pulse per cardiac 
55 cycle; 

Figure 4C shows a timing diagram illustrating the 
delivery of two composite steered pulses per cardi- 
ac cycle; 
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Figure 4D shows a timing diagram illustrating the 
delivery of three composite steered pulses per car- 
diac cycle; 

Figure 4E shows a block diagram of a system mod- 
ification for detecting the origin of a sensed signal 
and to provide enhanced discrimination of sensed 
atrial and ventricular signals; 
Figure 5 shows a flow diagram of a routine of the 
present invention for carrying out a closed loop ad- 
justment of steering parameters; 
Figure 6A shows a sketch of a distal portion of a 
typical prior art single pass lead used for delivering 
omnidirectional bi-phasic stimulus pulses from a 
floating atrial electrode; 

Figure 6B shows a flow diagram of a routine for the 
present invention for providing closed loop adjust- 
ment of steering parameters for use with the lead 
of Figure 6A; 

Figure 7 A shows a perspective diagram of a lead of 
the present invention having electrodes positioned 
to apply a steered atrial defibrillation or cardiover- 
sion stimulus to the atrium; 
Figure 7B shows a perspective view of a pair of 
leads of the present invention having electrodes po- 
sitioned to apply a steered ventricular defibrillation 
or cardioversion stimulus to the ventricle; 
Figure 7C shows a block diagram of the primary 
components of a system for the present invention 
for delivering a steered defibrillation or cardiover- 
sion stimulus to the electrodes of Figure 7A or 7B; 
Figure 8 shows a flow diagram of the primary steps 
of the present invention in a routine for applying 
morphology specific cardiac therapies using 
steered electrical stimuli; 

Figure 9A shows a alternative three electrode em- 
bodiment of the present invention for applying 
steered pulses to one or more cardiac targets; 
Figure 9B shows an alternative five electrode em- 
bodiment of the present invention for applying 
steered pulses to one or more cardiac targets; and 
Figure 9C shows an alternative electrode embodi- 
ment of the present invention or applying steered 
pulses to one or more cardiac targets, where a tu- 
bular endocardial lead is employed. 

Figures 1a to id shows a schematic diagram of a 
patient's heart with different leads for delivering com- 
posite stimulus pulses steered to specific sites in ac- 
cordance with the present invention. Figure 1 is illustra- 
tive, and is not intended to suggest ail embodiments of 
the present invention. In Figure 1(a) lead 30 is posi- 
tioned with its distal end portion in the patient's coronary 
sinus, and has three electrodes 31,32,33, where elec- 
trode 32 is preferably a common electrode. In addition, 
stimulator case 35 may be used as a common electrode. 
Lead 30 is connected to stimulator 45 which is a pace- 
maker, a defibrillator, or a combined pacemaker-cardi- 
overter-defibrillator stimulator. Lead 30 has conductors 



connecting pulse generator outputs from stimulator 45 
to corresponding electrode pairs 31 ,32 and 33, 32 for de- 
livering composite pulses. Individual pulse parameters 
are chosen to steer the composite pulse to a specific 
5 site. For example, pulses may be steered to the right or 
left atrium from the location shown in Figure 1 or to both 
the atrium and the ventricle. A second lead 36 is also 
shown in Figure 1b. Lead 36 is usually used alone, but 
may be used in conjunction with lead 30. Lead 36 is like- 
io wise connected to stimulator 45 and may have either or 
both electrode sets 37,38,39 and 41,42,43. Ventricular 
electrodes 37,38,39 are preferably connected to receive 
pulse component pulses across pairs 37,38 and 39,38 
or may be connected between any one of such elec- 
ts trodes and case 35. Atrial electrodes 41 ,42,43 are pref- 
erably connected to receive pulse component pulses 
across pairs 41 ,42 and 43,42 or between any one of 
such electrodes and case 35. In any selected electrode 
configuration appropriate control of the pulse compo- 
se nent parameters is utilized to steer the resulting com- 
posite pulse to the desired location. For example, float- 
ing atrium electrodes 41,42,43 may be used for atrial 
pacing in a ODD mode with single pass lead 36. In any 
particular electrode configuration, selected or additional 
25 electrodes may sense cardiac signals. Although elec- 
trode sets of two active electrodes and one common 
electrode (e.g., two anodes and one cathode) have 
been illustrated, the electrode sets may comprise a 
greater number of electrodes (n) and may be switchable 
30 jn conjunction with the pacemaker or stimulator case as 
a common electrode. For intra-cardiac pacing applica- 
tions, electrode surface areas are preferably approxi- 
mately 34-50 mm 2 . Separation between each active 
electrode and a common electrode preferably exceeds 
35 about 7 mm. For electrode placement outside a cardiac 
chamber (such as in the coronary sinus), the separation 
between each neutral electrode and a common elec- 
trode preferably exceeds about 1 cm. The correspond- 
ing distance between two active electrodes preferably 
to exceeds about 1.4 cm, and most preferably exceeds 
about 2 cm. In defibrillation and other cardioversion ap- 
plications, electrode surface areas and interelectrode 
spacings are greater. 

Figure 2 shows a block diagram of the primary com- 
45 ponents of stimulator 45 of the present invention. Gen- 
erators 1 ,2, ... n are shown at 46,47,48 and are gener- 
ators for producing pulse components. The generators 
are enabled or not, and are controlled in respect of pulse 
parameters and timing by pulse parameter and timing 
50 control block 64. The selected generator outputs are 
connected through switch matrix 50 (also controlled by 
block 64) so that selected pulse components are con- 
nected to selected electrodes as shown at 51; one or 
more generator outputs may be connected between a 
55 selected electrode and stimulator ground 35. Sensed 
signals are routed through switch matrix 50 to sense cir- 
cuits 52,53,54, the outputs of which are connected to 
microprocessorAhreshold detect block 60. Block 60 per- 
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forms all the usual and necessary logic and timing func- 
tions of a stimulator, and also detects when a delivered 
pulse has resulted in capture. Block 60 also determines 
threshold, and is connected to memory 62, where data 
relating to steering parameters are stored. Parameter s 
data are generated internally as a function of the thresh- 
old detection or are received from an external program- 
mer. As a result of the parameter data and timing deter- 
mined at block 60, data for pulse parameter and timing 
control are coupled to block 64. A closed loop system 10 
for controlling the pulse parameters of the delivered 
stimulus pulses is thus provided. 

Figures 3A, 3Band 3C show a multichamber pace- 
maker having the steering feature of the present inven- 
tion, where the left atrium may be paced with steered is 
pulses. Figure 3A is modified in respect of Figure 2 in 
U.S. Patent No. 5,441 ,525. Although the present inven- 
tion is described in accordance with a microprocessor- 
based architecture, it will be understood that it may be 
implemented using other technology such as digital log- 20 
ic-based, custom integrated (IC) architecture, or with 
any other combination of hardware and software familiar 
to those of ordinary skill in the art. 

In Figure 3A pacemaker 45 is modified in respect 
of a conventional ODD pacemaker to provide multiple 2s 
generators (GEN 1,2 and GEN 3,4,5) for generating a 
plurality of component composite steering pulses for 
pacing the left atrium, the right atrium or the right ven- 
tricle. Generators 1 and 2, shown jointly at 111, have 
their outputs coupled through at least one capacitor 117 30 
to lead 30 for delivering pulse components between 
electrode pairs 31 ,32 (common) and 33,32. The param- 
eters of each pulse component are adjusted to accu- 
rately steer the composite pulse so that the left atrium 
is captured. Generators 3 and 4 (shown at 1 08) likewise 35 
have their outputs connected to lead 36 for delivering 
steered pulses to the right atrium across electrode pairs 
41,42 and 43,42. Generator 5 (also shown at 108) is 
connected to distal electrode 39 for unipolar pacing of 
the right ventricle, or between electrodes 39 and 38 for *o 
bipolar pacing. 

Input/Output circuit 70 contains the input and output 
analog circuits and digital controlling and timing circuits 
necessary for the detection of electrical signals originat- 
ing in the heart and sensed by sensors (not shown) con- 45 
nected to leads 30 and 36. Input/output circuit 70 further 
contains the circuitry required for the application of 
steered stimulating pulses to the heart under the control 
of software-implemented algorithms in Microcomputer 
Circuit 72. so 

Microcomputer Circuit 72 comprises an On-Board 
Circuit 74 and an Off-Board Circuit 76. On -Board-Circuit 
74 includes microprocessor 78, system clock 80, and 
on-board RAM 82 and ROM 84. Off-Board Circuit 76 in- 
cludes off -board RAM/ROM Unit 86. Microcomputer Cir- ss 
cuit 72 is coupled by Data Communication Bus 88 to 
Digital Controller/Timer Circuit 90. Microcomputer Cir- 
cuit 72 may be fabricated of custom IC devices and aug- 



mented by standard RAM/ROM components. It will be 
understood by those skilled in the art that the electrical 
components represented in Figure 3A are powered by 
an appropriate implantable-grade battery power source 
that is not shown explicitly.. 

Antenna 92 is connected to Input/Output Circuit 70 
for uplink/downlink telemetry through radio frequency 
(RF) Transmitter/Receiver Circuit (RF TX/RX) 94. Te- 
lemetering both analog and digital data between anten- 
na 92 and an external device such as an external pro- 
grammer (not shown) is accomplished in a preferred 
embodiment by means of all data first being digitally en- 
coded and then pulse position modulated on a damped 
RF carrier, substantially as described in U.S. Pat. No. 
5,127,404 issued on Jury 7, 1992, and entitled 'Telem- 
etry Format for Implantable Medical Device,". Reed 
switch 91 is connected to Input/Output Circuit 70 to en- 
able patient follow-up through telemetry and program- 
ming functions. 

Crystal Oscillator Circuit 96 (typically a 32,768 Hz 
crystal-controlled oscillator) provides main timing clock 
signals to Digital Controller/Timer Circuit 90. Vref/Bias 
Circuit 98 generates a stable voltage reference and bias 
currents for the analog circuits of Input/Output Circuit 
70. ADC/Multiplexer Circuit (ADC/MUX) 100 digitizes 
analog signals and voltages to provide telemetry and a 
replacement time-indicating signal or end-of-life func- 
tion (EOL). Power-On-Reset Circuit (POR) 102 func- 
tions to initialize pacemaker 40 with programmed values 
during power-up, and reset the program values to de- 
fault states upon the detection of a low battery condition, 
or in the presence of certain undesirable conditions such 
as unacceptably high electromagnetic interference 
(EMI). 

The operating commands for controlling the timing 
of the pacemaker depicted in Figure 3A are coupled by 
bus 88 to Digital Controller/Timer Circuit 90, where dig- 
ital timers set the overall escape interval of the pace- 
maker and the various refractory, blanking and other 
timing windows for controlling the operation of peripher- 
al components in Input/Output Circuit 90. 

Digital Controller/Timer Circuit 90 is coupled to 
sense amplifiers (SENSE) 104 and 107 and to electro- 
gram (EGM) amplifiers 106 and 11 3 for receiving ampli- 
fied and processed signals representative of the electri- 
cal activity of the patient's ventricle and atrium, respec- 
tively. Those signals are sensed by one or more elec- 
trodes 31, 32, 33, 37, 38, 39, 41, 42, 43, depending on 
which cardiac sites are being paced. Although only two 
sense amplifiers are shown in Figure 3A, a plurality of 
sense amplifiers and a switching matrix may also be em- 
ployed, as, for example, shown in Figure 2 at 50 and 
52,53,54. See also U.S. Patent No. 5,423,873, where a 
switching arrangement for switching pacemaker output 
and input terminals to different electrodes in a multi- 
electrode arrangement is disclosed. SENSE amplifiers 
104 and 107 produce sense event signals for resetting 
the escape interval timer within Circuit 90. The electro- 
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gram signal provided by EGM amplifier 106 may be 
used when the implanted device is being interrogated 
by the externa! programmer/transceiver (not shown) to 
transmit by uplink telemetry a representation of the an- 
alog electrogram of the patient's electrical heart activity, s 
See, for example, U.S. Pat. No. 4,556,063 to Thompson 
et al., entitled Telemetry System for a Medical Device, - . 

The plurality of output pulse generators represent- 
ed at 1 08 and 1 1 1 provide pacing stimuli to the patient's 
heart through output capacitors 114 and 1 1 7 and leads to 
30 and 36 in response to pacing trigger signals output 
by Digital Controller/Timer Circuit 90 each time an es- 
cape interval times out, an externally transmitted pacing 
command is received, or in response to other stored 
commands. As discussed above, each delivered pulse is 
is, in fact, a composite of a plurality of component puls- 
es, where each component pulse has a particular pro- 
grammed or adjusted set of amplitude, duration (width) 
and phase parameters associated with it. 

Figures 3B and 3C show an arrangement for gen- 20 
erating and steering the pulses in greater detail. In Fig- 
ure 3B, generators 1-5 are controlled by control circuit 
90 in respect of timing and amplitude, duration and 
phase parameters. Generator 1 at 121 is coupled 
through capacitor C1 to lead conductor 31 C connected 25 
to the output through lead 30 to electrode 31 . The output 
of generator 2 at 122 is coupled through capacitor C2 
on conductor 33C to electrode 33. The pacemaker 
ground or common is connected through capacitor CC 
on conductor 32C to electrode 32. Pulse parameter con- 30 
trol circuit 90 determines the direction the composite 
pulse will have when it is delivered to the left atrium, as 
illustrated in Figure 3C. Thus, for a centrally directed 
pulse the amplitudes across pairs 31 ,32 and 33,32 are 
substantially equal. For a right-directed pulse the ampli- 3S 
tude across electrodes 33,32 is greater than that across 
electrodes 31 ,32. For a left-directed pulse the relative 
amplitudes are switched so that the pulse originating in 
generator 1 and delivered across electrodes 31 ,32 has 
a greater amplitude than that delivered across elec- <o 
trodes 33,32. Output pulse parameters may be adjusted 
by standard threshold determination techniques and op- 
timized parameters stored in memory. 

Pulses delivered by lead 36 are generated by gen- 
erators 1 23, 1 24 and 1 25 and coupled through capacitor 4$ 
C3 and conductor 41 C, capacitor C4 and conductor 
43C, and capacitor C5 and conductor 39C, respectively, 
to electrodes 41 ,43 and 39. While not shown specifical- 
ly, pulses generated and delivered across electrode 
pairs 41 ,42 and 43,42 are likewise adjusted in ampli- so 
tude, duration or both to optimize pacing of the right atri- 
um from those floating electrodes. Since the distal end 
of lead 36 may be anchored in the apex of the right elec- 
trode, there is no need to generate composite steering 
pulses for delivery to electrodes 39,38. Of course, atrial ss 
and ventricular pace pulses are controlled in respect of 
the time sequence in which they are delivered (as in a 
conventional DDD pacemaker). 



Figures 4A, 4B. 4C and 4D illustrate an arrange- 
ment and method for multi-site pacing from a single 
lead. We also refer now to the pacemaker shown in Fig- 
ures 3A and 3B in respect of the generation of pulse 
signals and to U.S. Patent 5,265,601. The distal end 
portion of lead 30 is positioned in the coronary sinus or 
deep cardiac vein as illustrated in Figure 4A, and is con- 
nected to pacemaker 45. For pacing in both the atrium 
and the ventricle, electrode pair 31,32 delivers atrial 
pacing pulses, while pair 33,32 delivers ventricular pac- 
ing pulses. The individual pulse components are prefer- 
ably generated by generators 121 and 122 (as shown 
in Figure 3B) and are controlled appropriately in respect 
of amplitude, width and phase. 

Pacing of one, two or more sites may be accom- 
plished as illustrated in Figures 4B, 4C and 4D. Figure 
4B shows a single composite pulse being generated for 
each cycle, and may be employed to pace the left or 
right atrium. Steering is accomplished by adjusting the 
relative magnitudes of the component pace pulses. That 
is, the magnitude of the signal delivered across elec- 
trode pair 31 ,32 exceeds that delivered across electrode 
pair 33,32. 

Figure 4C illustrates a pulse train for pacing two car- 
diac sites for each cycle and may be employed to pace 
the atrium and ventricle separately. The first pulse com- 
ponents have unequal amplitudes, phases or widths, re- 
sulting in steering of the electrical field in a first direction. 
The second pulse components have equal amplitudes, 
phases or widths, resulting in a straight-ahead field pat- 
tern. For combined atrial and ventricular pacing, com- 
posite atrial stimulating pulses may be of relatively low 
magnitude so that the ventricle is not stimulated. Like- 
wise, the composite ventricular pulses may be of rela- 
tively high magnitude but may be delivered during the 
heart's natural refractory period so that only ventricular 
stimulation results. The atrial sense amplifier (or ampli- 
fiers) may be adjusted to have a lower threshold for 
sensing than the ventricular amplifier, so that lower- 
magnitude atrial signals exceed only the threshold of the 
atrial amplifiers, while higher-magnitude ventricular sig- 
nals exceed the threshold of both amplifiers and may 
thus be recognized with appropriate logic. See, for ex- 
ample, U.S. Patent No. 5,265,601. 

Figure 4D illustrates a waveform for stimulating 
three sites, where for each cardiac cycle three different 
composite pulses are generated and delivered across 
electrode pairs 31 ,32 and 33,32. A third composite pulse 
is delivered having a greater voltage across electrode 
pair 33,32 than across electrode pair 31 ,32 so that the 
first and third composite pulses are directed in different 
directions. Note also that steering may be aided by 
changing slightly the phase of the individual component 
pulses. 

Figures 4A and 4E show an embodiment of the 
present invention where the capability of a single lead 
system to determine when a sensed signal has originat- 
ed in the atrium and when it has originated in the ven- 
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tricle is enhanced, thereby permitting better and more 
reliable pacemaker operation. Lead 30 has a pair of 
sense electrodes 140,141 positioned proximal to the 
distal electrodes so that when lead 30 is implanted the 
electrodes are positioned close to the atrium. Due to this 
relative positioning, a signal originating in the atrium is 
detected at electrode pair 140,141 before it is detected 
at electrode pair 32,33. Likewise, a signal originating in 
the ventricle is detected at electrode pair 32.33 before 
it reaches electrode pair 140,141. As shown in Figure 
4E, the signals from the two electrode pairs are sensed 
at electrode pair 104,107 and time-compared at com- 
pare block 145. Such a comparison may be accom- 
plished simply by detecting the leading edge of the in- 
coming signal and setting a flip-flop to output signal A 
for a signal of atrial origin and to output signal V for a 
signal of ventricular origin. Alternatively, a Doppler de- 
tector and signal processor may determine the location 
from which a sensed signal has originated. Such a Dop- 
pler detector may be employed instead of or in addition 
to electrode pair 140,141 for sensing pressure waves 
resulting from a cardiac chamber contraction. 

Figure 5 presents a simplified, generic flow diagram 
of the primary steps involved in practicing another em- 
bodiment of present invention. As illustrated at 180, 
steering data (or pulse component parameter data) are 
stored in the pacemaker. The data may be acquired in- 
itially by external programming or may be generated au- 
tomatically by threshold testing. 

In cardiac pacing applications, the amplitude of 
each pulse component is preferably varied in about 0.5 
volt increments through a range of about 0.5 to about 
7.5 volts; pulse widths are preferably varied in about 
0.03 ms increments through a range of about 0.03 to 
about 1 .5 ms; phase delays of one pulse relative to an- 
other are preferably varied in about 0.03 ms increments 
over a range of about -1.0 to about +1 .0 ms. 

Amplitude variations for defibrillation are much 
greater. Amplitude components may be varied in about 
25 or about 50 volt increments over a range of about 
25-about 750 volts. 

At 182 the stimulus is to be delivered, (e.g., a ven- 
tricular or atrial pulse, a left atrial pulse, a defibrillation 
pulse, etc.). After the stimulus type is selected, at 184 
appropriate parameter data are selected for the steered 
pulse. At 186 the plural component pulse is generated 
and delivered. At 188 a threshold test is performed to 
determine whether capture has occurred, and to com- 
pare the delivered pulse with the stored threshold pulse. 
At 190 steering parameters may be adjusted according 
to the results of the threshold test. If such an adjustment 
is made, one of more pulse parameters are adjusted at 
192. 

From Figures 3A and 3B, it can be seen that use of 
steering pulses in accordance with this invention can en- 
able an improved variation of a VDD type pacemaker 
system which uses a single pass lead such as illustrated 
at 36. It is known to attempt to pace the atrium from a 



pair of floating electrodes in the atrium, which when 
done successfully provides an effective DDD pacing 
system with one floating lead. In such a prior art arrange- 
ment, as shown in Figure 6A, the single pass lead has 
s two floating atrial electrodes and one or two electrodes 
1 64 at or near the distal tip for pacing and sensing in the 
ventricle. It has been disclosed to utilize two opposite 
phase overlapping pulses, to provide a composite bi- 
phasic pulse. Each pulse is delivered between an elec- 
io trode 1 60 or 1 62 and the pacemaker can, or alternately 
160 and 162 can each be a pair of electrodes. However, 
such a biphasic pulse is omnidirectional; while magni- 
tude can be adjusted to try to achieve capture, as with 
any electrode arrangement, it is desirable to be able to 
steer the atrial pace pulses and to find the best direction 
for capturing the atrium. By using the pacemaker and 
lead 36 combination as described above, such a single 
pass DDD improvement of a VDD system can be ac- 
complished. Stating it in the alternative, the use of the 
system of Figures 3A and 3B, but with only lead 36, pro- 
vides such an improvement over the prior art VDD sys- 
tem. 

Figure 6B illustrates a simple flow diagram for exe- 
cuting the steps of a closed loop system for assuring 
capture for a DDD system with a single pass lead, and 
using steered pulses in accordance with this invention. 
At 220, it is determined whether there has been an atrial 
sense within the prescribed atrial escape interval. If yes, 
then no atrial stimulus is required, and the routine 
branches to 230 to look for a ventricular sense. But if no 
atrial signal is sensed, the routine goes to 222 and de- 
livers an atrial stimulus steered for optimum capture. At 
224, it is determined whether there has been capture. If 
yes, one or more pulse parameters can be changed to 
decrease the stimulus as shown at 228; if not, then at 
226 the atrial stimulus parameters are changed to more 
effectively steer the pulse, or simply to increase the 
composite pulse level. At 230, the pacemaker waits to 
see if there has been a sensed ventricular signal before 
time-out of the ventricular escape interval. If yes, the 
routine exits; if no, a ventricular stimulus is delivered. 
Althouqh not shown, the pacemaker can go through a 
capture detection routine and threshold adjustment for 
the ventricular pulse as well. 

Figures 7A, 7B and 7C illustrates additional embod- 
iments of the present invention for preventing defibrilla- 
tion and arrhythmia. Atrial defibrillators are known and 
used in the art, and play an important role for patients 
prone to atrial defibrillation. See U.S. Patent No. 
5,269,298, for an example of an atrial defibrillation sys- 
tem. As is known, a major drawback of current defibril- 
lators is the pain associated with the shock that is ap- 
plied, typically on the order of 2 joules. A lead typically 
used for atrial defibrillator applications is a coronary si- 
nus lead, similar to lead 30 illustrated in Figure 1 , but 
having electrodes adapted to delivering the larger defi- 
brillation pulse or pulses. In this application also, lead 
dislodgment is a problem, since even a small movement 
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of the electrode positions may result in a need to repo- 
sition the lead via surgical intervention or to reprogram 
the defibrillator to deliver a pulse having more energy. 
Either type of such intervention increases the patient's 
pain and anxiety for each shock therapy delivered. In an 
embodiment of the present invention, a lead having plu- 
ral electrodes such as shown at 241,241 ,243 in Figure 
7A is positioned at initial implant, and the threshold is 
optimized by adjusting the component pulse parameters 
for the respective pulses across electrode pairs 241 ,242 
and 243,242. The stimulus can thus be optimized for op- 
timum chronic delivery, including programming the stim- 
ulus to defibrillate the atrium only, thus improving over 
prior art systems where the stimulus shock must be 
closely timed to avoid affecting the ventricle. If the lead 
does migrate with time, the pulse parameters can be re- 
programmed, to regain an optimized composite stimu- 
lus shock. Referring to Figure 7C, there is presented a 
modification of a portion of the defibrillator circuit shown 
in the figure of referenced patent US 5,269,298, where- 
by the circuit is adapted for use with this invention. Here, 
a programmer 250 is shown, which communicates with 
transmitter/receiver 251, for reprogramming the pulse 
steering parameters. The parameter data is coupled to 
control 254, which controls the timing and parameter 
mix of the defibrillation pulses. As shown, a first capac- 
itor 256 is charged, and discharged through circuit 258 
to produce a first component across electrode pair 
241 ,242; and a second capacitor 257 is charged, and 
discharged through circuit 259, to provide a second 
component across electrode pair 243,242. The control 
can, for example, control the charge on each capacitor, 
and thus the magnitude of the component pulse; and 
also the duration of the discharge. 

Figures 73 and 7C illustrates a two lead system of 
the present invention for delivering defibrillation pulses 
to the ventricle and for steering those pulses to optimize 
shocking of the ventricle only. In this system, a first lead 
provides a pair of electrodes 245,246 positioned in the 
coronary sinus, and a common or indifferent electrode 
247 in the ventricle (along with a standard RV pacing 
and sensing electrode 248). In this case, the steering 
pulses are applied across respective electrode pairs 
245,247 and 246,247, to deliver optimized pulse com- 
ponents to the ventricle, adjusted as to their pulse pa- 
rameters to accurately steer the pulse to the ventricle 
alone. Here again, the parameters can be adjusted by 
programming, in the event of lead migration after im- 
plant. Electrode pair 247,248 is used for standard right 
ventricular pacing and sensing, as is well known in the 
art. 

The system in Figures 1 and 2 may also be modified 
to provide for optimized prevention of atrial arrhythmias. 
Reference is made to U.S. Patent No. 5,403,356, which 
describes a method of pacing the triangle of Koch and/ 
or an area of prolonged effective refractory period else- 
where within the atrium to prevent atrial tachyarrhythmi- 
as. In that system, two leads are used, one to place an 



electrode pair at or in the triangle of Koch area, and one 
to place a pair of electrodes in the right atrial appendage. 
Although the electrode placement can be varied, there 
is always the problem of lead migration or chronic 

5 change in stimulus threshold, a problem which can be 
reduced by using the steering technique of this inven- 
tion. The system of the referenced patent is modified in 
a manner similar to that shown in Figures 7A-7C, or in 
Figure 3B, i.e. by adding an additional output stage and 

10 providing a three electrode configuration on the first 
lead. 

U.S. Patent No. 5,447,51 9, describes a method and 
apparatus for the detection of monomorphic and poly- 
morphic arrhythmias and the selection of a therapy 
'5 based upon that detection. In another embodiment of 
this invention, each such selected therapy can utilize the 
steering technique that has been described, i.e.,, steer- 
ing capability is added to the morphology selected spe- 
cific therapy. As described in the '519 patent, morphol- 
ogy specific therapies are selected at implant and stored 
along with the appropriate waveform used to break up 
a specific tachyrhythmia. In accordance with this inven- 
tion, the selected therapy is further optimized by inclu- 
sion of delivery of steered pulses. In this embodiment, 
and referring to the terminology of the '519 patent, the 
following parameters are controlled to best direct the 
stimuli to the target sites: Sq-S, intervals; S r S 2 inter- 
vals; burst length; pulse amplitude; pulse width, or du- 
ration; scanning overdrive/underdrive; and the pulse, 
width and phase parameters of component pulses of 
composite cardioversion and defibrillation pulses. The 
implementation of this embodiment utilizes a set of three 
or more steering electrodes, as per the examples of Fig- 
ures 1 and 7A. 

The flow diagram of Figure 8 shows the primary 
steps of a method of site specific therapy, utilizing the 
steering techniques of this invention. At block 281, the 
parameter data corresponding to different morphology 
specific therapies is stored in the stimulator device. At 
282, the arrhythmia is detected, and at 284 the appro- 
priate one of the available therapies is selected corre- 
sponding to the detected arrhythmia. Then, at 285 the 
parameter data for the selected therapy is obtained, and 
the therapy is applied at 287, using steered pulses gen- 
erated with the selected parameter data. 

Figures 9A, 9B and 9C illustrates several alternative 
electrode configurations of the present invention. Those 
examples are illustrative of the fact that a number of dif- 
ferent configurations beyond the three-ring electrode 
configuration can be used, and the invention is not lim- 
ited in terms of the chosen configuration. As stated 
above, the distance between active electrodes for pac- 
ing applications is preferably greater than 2 cm, to pro- 
vide for effective steering. In Figure 9A there is illustrat- 
ed a distal portion of a lead having two longer electrodes 
291 ,292, as well as a smaller electrode 293; 293 is suit- 
ably a common cathode, and 291 and 292 are respec- 
tive anodes, with the pulse components delivered 
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across pairs 291 ,291 and 293,292. The relatively longer 
anodes can provide better pulse direction control. This 
arrangement is more suitable for epicardial or patch- 
type electrodes, but may also be adapted to trans- 
venous leads. Figure 9B illustrates a modified electrode 
configuration wherein four active electrodes 296, 297, 
298, 299 are used in combination with a common elec- 
trode 300, to provide a selection of electrode pairs. In 
Figure 9C, there is presented a modification of a con- 
ventional transvenous lead, wherein three or more split 
ring electrodes are used, to provide additional flexibility 
in finding a best combination of pulse components for 
steering. In this embodiment, electrodes 306, 307 and 
308 are shown on the distal end portion of a lead 305. 
Each electrode is illustrated as forming a portion of a 
ring, i.e., having a circumference less than 360 degrees, 
and being spaced axially along the lead length. Alter- 
nately, the two active electrodes 306,308 can have mul- 
tiple turns, while common electrode 307 between each 
electrode may likewise have a circumference exceeding 
360 degrees. For example, the two common electrodes 
may have multiple turns, while the common electrode 
between them has only one or a fraction of a turn. By 
this design, increased flexibility in finding suitable opti- 
mal parameters is provided. 

There has been provided a system for steering of 
stimulus or shock pulses to cardiac sites. Effective elec- 
trode placement, sufficient interelectrode distance be- 
tween active electrodes and appropriate control of the 
parameters of each pulse component the plural compo- 
nent composite pulse, ail enable optimized steering for 
cardiac pacing, defibrillation or cardioversion. 

Claims 

1 . A pacing system for pacing in at least a patient's left 
atrium, comprising: 

a multiple electrode lead for pacing in the pa- 
tient's left atrium, said lead having a distal end 
and at least two active electrodes and one com- 
mon electrode positioned near said distal end, 
said electrodes being spaced from each other 
with a predetermined geometry, said lead hav- 
ing a proximal end for connecting to a pulse 
generator, and respective conductors connect- 
ing the respective electrodes to said proximal 
end, 

pulse generator means for generating at least 
two pulse outputs and delivering a first of said 
outputs between a first of said active electrodes 
and said common electrode, and for delivering 
a second of said outputs between the second 
of said active electrodes and said common 
electrode, said pulse outputs having magni- 
tude, polarity and phase parameters, 
control means for controlling each of said pulse 



outputs with respect to at least one of said pulse 
parameters, and 

steering means for selecting said at least one 
pulse parameter for each pulse output so as to 
5 generate pulses for steering the delivery of 

composite steering pulses to an effective site 
when said lead distal end is positioned in the 
patient's left atrium. 

10 2. The pacing system as described in claim 1 , wherein 
said steering means has means for selecting rela- 
tive pulse amplitudes for each of the pulse outputs. 

3. The pacing system as described in claim 1 or 2, 
'5 wherein said steering means has means for select- 
ing pulse magnitude and pulse polarity for each of 
said pulse outputs. 

4. The pacing system as described in claim 1, 2 or 3 
20 further comprising capture detection means for de- 
termining when a pair of pulse outputs delivered 
from said lead electrodes has captured the patient's 
atrium. 

25 5. The pacing system as described in claim 4, com- 
prising adjusting means for controlling said steering 
means to adjust said at least one pulse parameter 
through a predetermined sequence of parameter 
values, and parameter reset means for resetting 

30 said at least one parameter as a function of whether 
capture is determined for each said parameter val- 
ue. 

6. The pacing system as described in any preceding 
35 claim, wherein said pulse generating means com- 
prises a plurality of pulse generators controllable to 
generate respective pulse outputs, said lead com- 
prises a plurality of electrodes, and further compris- 
ing switching means for switching predetermined 

40 ones of said generator outputs to selected ones of 
said electrodes. 

7. The pacing system as described in claim 6, wherein 
said control means controls said generators to gen- 

45 erate a plurality of composite pulses each cardiac 
cycle, each of said composite pulses being com- 
prised of at least two substantially concurrent puls- 
es controlled with respect to said pulse parameters. 

50 8. The pacing system as described in any preceding 
claim, wherein said lead has a first set of electrodes 
for delivering steering pulses to a patient's atrium 
and a second of electrodes for delivering steering 
pulses to a patient's ventricle. 

55 

9. The pacing system as described in any preceding 
claim, comprising sensing means for sensing pa- 
tient natural cardiac signals at selected ones of said 
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electrodes and further comprising sense switching 
means for switching respective ones of said elec- 
trodes to said sense switching means at controlled 
times. 

10. A pacing system for dual chamber pacing of a pa- 
tient, comprising: 

pulse generator means for generating pacing 
pulses for delivery to the patient's heart, having 
first pulse means for generating first pacing 
pulses, said first pulses having controllable re- 
spective first magnitude, polarity and phase 
values, and second pulse means for generating 
second pacing pulses substantially concurrent- 
ly with said first pulses, said second pulses hav- 
ing controllable respective second magnitude, 
polarity and phase values; 
a pacing lead connected to said pulse genera- 
tor means to receive said first and second puls- 
es, said lead having a distal end portion adapt- 
ed for positioning proximate to or in the patient's 
heart, said distal end portion having first and 
second active electrodes and a common elec- 
trode, and connecting means for connecting 
said first pacing pulses between said first elec- 
trode and said common electrode and for con- 
necting said second pacing pulses between 
said second electrode and said common elec- 
trode; and 

control means for controlling said pulse gener- 
ator means to generate respective steered ven- 
tricular and atrial pacing pulses, each of which 
steered pulses is a combination of a said first 
and a said second pulse, and 
steering means for controlling said first and 
second pulse means so as to select a first set 
of values of magnitude, polarity and phase for 
each of said first and second pulses when said 
pulse generator generates a ventricular pacing 
pulse, and a second set of values of magnitude, 
polarity and phase for each of said first and sec- 
ond pulses when said pulse generator gener- 
ates an atrial pacing pulse. 

11. The system as described in claim 10, wherein said 
control means comprises timing means for control- 
ling the timing of respective generated ventricular 
and atrial pulses. 

12. The system as described in claim 11, comprising 
sensing means connected to said active electrodes 
and said common electrode for sensing electrical 
signals from the patient's heart, and wherein said 
timing means controls said timing as a function of 
said sensed electric signals. 

13. The system as described in claim 12, comprising 



additional sensing means located apart from said 
lead distal end portion for sensing patient cardiac 
signals, and determining means for determining 
from said sensed cardiac signals whether they rep- 
s resent atrial or ventricular signals. 

14. A pacing system for dual chamber pacing of a pa- 
tient comprising: 

io pulse generator means for generating pacing 

pulses for delivery to the patient's heart, having 
first pulse means for generating first pacing 
pulses, said first pulses having controllable re- 
spective first magnitude, polarity and phase 

'5 values, and second pulse means for generating 

second pacing pulses substantially concurrent- 
ly with said first pulses, said second pulses hav- 
ing controllable respective second magnitude, 
polarity and phase values; 

20 a single pass pacing lead, said lead having a 

distal portion for positioning in a patient's right 
ventricle and an intermediate portion posi- 
tioned for floating in the patient's right atrium, 
said intermediate portion having first and sec- 

25 ond active electrodes and a common electrode, 

and at least one pacing electrode positioned 
substantially at the distal end of said lead, a 
proximal end for connecting to said pulse gen- 
erator means, and connecting means for con- 
so necting said first pulse signals to said first elec- 
trode and said common electrode and said sec- 
ond pulse signals to said second electrode and 
said common electrode; and 
steering means for controlling said first pulse 

35 means with a selected first set of values of mag- 

nitude, polarity, and phase and for controlling 
said second pulse means with a selected sec- 
ond set of values of magnitude, polarity and 
phase, thereby delivering a steered atrial com- 

40 posite pacing pulse to said patient's right atri- 

um. 

15. The system as described in claim 14, further com- 
prising control means for controlling said pulse gen- 

45 erator means to generate ventricular pacing pulses, 
and ventricular connecting means for connecting 
said generated ventricular pacing pulses to said at 
least one distal electrode. 

50 16. The system as described in claim 15, wherein said 
control means comprises timing means for control- 
ling the timing of respective generated ventricular 
and steered atrial pulses. 

55 17. The system as described in claim 14, further com- 
prising capture detection means for determining 
when a delivered steered atrial pace pulse achieves 
atrial capture, and 
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threshold detecting means operative together 
with said capture detection means for determining 
capture threshold for said steered atrial pulses. 

18. The system as described in claim 17, further com- 
prising search means for varying at least one pa- 
rameters of said first and second pacing pulses of 
said atrial pulse, and searching for a set of param- 
eter values corresponding to optimum threshold for 
pacing the patient's atrium. 

19. A pacing system for generating and delivering 
steered composite pace pulses to at least a plurality 
of sites in a patient's heart, comprising: 

generator means, comprising a plurality of gen- 
erators for delivering respective stimulus pulse 
components, each of said generators being 
controllable with respect to at least the ampli- 
tude and polarity of its pulse component; 
electrode means for providing a plurality of 
electrodes at different respective cardiac posi- 
tions in the patient's heart, said electrode 
means providing at least three electrodes con- 
stituting two active electrodes and one common 
electrode at each respective cardiac position; 
a plurality of sense amplifiers for sensing natu- 
ral heart beat signals from selected ones of said 
patient positions; 

switch matrix means for connecting selected 
ones of said generator outputs to respective se- 
lected ones of said electrodes, and selected 
ones of said electrodes to selected ones of said 
sense amplifiers, said matrix connecting com- 
posite stimulus pulses consisting of plural pulse 
components to selected ones of said positions; 
and 

pulse parameter and timing control means for 
controlling the connections made by said 
switch matrix means, whereby selected cardiac 
sites receive steered composite stimulus puls- 
es and said composite stimulus pulses are 
timed as a function of sensed patient natural 
heartbeat signals. 

20. The system as described in claim 19, comprising 
threshold detection means for detecting when a giv- 
en one of said composite stimulus pulses results in 
cardiac capture, and means for controlling said 
component parameters as a function of said thresh- 
old detection. 



pulse having said at least two components; 
selecting parameters of said at least two pulse 
components; 

delivering to said site a composite steered stim- 
ulus having said at feast two component pulses; 
determining when adjustment of said compos- 
ite pulse can provide for more effective steer- 
ing; and 

adjusting said steered composite pulse by 
changing one or more of said selected pulse 
component parameters. 

22. The method as described in claim 21, comprising 
initially positioning an array of electrodes within or 
proximate to the patient's heart, and wherein said 
delivering step comprises delivering said steered 
composite pulse across said array of electrodes. 

23. The method as described in claim 22, comprising 
positioning three electrodes within the patient's sub- 
clavian vein, wherein said delivering step compris- 
es delivering a two-component pulse, a first of said 
components being delivered between a first and 
second of said electrodes, and a second compo- 
nent pulse being delivered between said second 
and a third of said electrodes. 

24. The method as described in claim 23, comprising 
selecting said pulse component parameters to steer 
a stimulus pulse to the patient's left atrium. 

25. The method as described in claim 22, comprising 
selecting stimulus parameter data for first and sec- 
ond steered stimulus pulses, and comprising deliv- 
ering first and second steered stimulus pulses to re- 
spective different cardiac targets during a patient 
cardiac cycle. 

26. The method as described in claim 21, comprising 
selecting said stimulus parameter data for deliver- 
ing a pacing pulse to a selected one of the patient's 
heart chambers. 

27. The method as described in claim 26, comprising 
selecting said stimulus parameter data for deliver- 
ing a defibrillation pulse to the patient's right atrium. 

28. The method as described in claim 26, comprising 
selecting said stimulus parameter data for deliver- 
ing a defibrillation pulse to the patient's right ventri- 
cle. 



21. A method of delivering a steered stimulus to at least 
one site in a patient's heart, comprising: 

storing steering parameter data including at 
least amplitude and polarity data of at least two 
pulse components of a steered composite 



29. The method as described in claim 21, comprising 
positioning an array of floating electrodes in the pa- 
tient's atrium, and wherein said step of delivering a 
steered stimulus pulse comprises delivering said 
steered pulse to the patient's atrium by delivering it 
across said array of floating electrodes. 
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30. The method as described in claim 21 , comprising 
determining whether a delivered steered atrial stim- 
ulus pulse results in atrial capture, and further com- 
prising adjusting said atrial stimulus pulse as a func- 
tion of whether atrial capture has been sensed. 

31. The method as described in claim 21 , wherein said 
step of storing parameter data comprises storing 
parameter data corresponding to morphology spe- 
cific therapies, and further comprising the steps of: 

detecting a patient arrhythmia; 
selecting a therapy as a function of said detect- 
ed arrhythmia; 

getting from said stored parameter data param- 
eter data corresponding to the selected thera- 
py; and 

administering said selected therapy by deliver- 
ing steered composite pulses having pulse 
components controlled with said parameter da- 
ta. 

32. An implantable system for delivering stimulus puls- 
es to at least one selected patient cardiac site, com- 
prising: 

generator means for generating a composite 
pulse having at least two pulse components; 
lead means for delivering said two pulse com- 
ponents at an area in or proximate to the pa- 
tient's heart; and 

control means for controlling the parameters of 
each of said pulse components for steering said 
composite pulse to said selected site. 

33. The system as described in claim 32 wherein said 
generator means has pacing means for generating 
a composite pacing pulse, and said control means 
comprises parameter adjustment means for adjust- 
ing one or more of the amplitude, pulse width and 
phase of each said pulse component. 

34. The system as described in claim 33, wherein said 
parameter adjustment means comprises amplitude 
increment means for incrementing the amplitude of 
a said pulse component by a predetermined incre- 
ment. 

35. The system as described in claim 34, wherein said 
parameter adjustment means comprises pulse 
width means for incrementing the pulse width of a 
said pulse component by a predetermined incre- 
ment. 

36. The system as described in claim 35, wherein said 
parameter adjustment means comprises phase 
means for adjusting the phase of a said pulse com- 
ponent by a predetermined increment. 



37. The system as described in claim 33, wherein said 
generator means further comprises defibrillator 
means for generating a composite defibrillation 
pulse. 

5 

38. The system as described in claim 32, wherein said 
lead has three electrodes constituting two active 
electrodes and one common electrode, and con- 
ductor means for delivering a first of said pulse com- 

io ponents across a first of said active electrodes and 
said common electrode, and a second of said pulse 
components across the other of said active elec- 
trodes and said common electrode. 

'5 39. The system as described in claim 38, wherein each 
of said electrodes is separated by a distance of at 
least 1 cm. 

40. The system as described in claim 38, wherein said 
20 two active electrodes are separated by a distance 

of at least 2 cm. 

41. A pacing system comprising: 

25 generator means for generating a composite 

pulse having at least two pulse components; 
lead means for delivering said two pulse com- 
ponents at an area in or proximate to the pa- 
tient's heart; and 

30 control means for controlling at least one pa- 

rameter of each of said pulse components for 
steering said composite pulse to said selected 
site. 
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